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Weed Science. 1985. Volume 33:176-181 

Wild Oat (Avena fatua) Competition with Spring Wheat: Plant Density EffectsI 

HARRY L. CARLSON and JAMES E. HILL2 

Abstract. Field experiments were conducted to measure 
the grain yield of wheat (Triticum aestivum L. 'ANZA') at 
various wild oat (Avena fatua L. #3 AVEFA) and wheat 
plant densities. Wheat yield declined as wild oat plant density 
increased. Wheat yield increased in wild oat-infested plots 
as wheat plant density increased. Regression models were 
developed to describe the combined effect of wheat and 
wild oat plant densities on wheat grain yield. Wheat yields 
were best described by a nonlinear regression model using 
the relative density of wild oat in the weed-crop stand as 
the dependent variable. Inclusion of crop stand as a com- 
petitive factor significantly improved the fit of all regression 
models tested. Wild oat were more competitive against wheat 
in these experiments than in experiments reported by others. 
Possible reasons for differences in observed competitiveness 
are discussed. 
Additional index words. Interference, grain yield, AVEFA. 

INTRODUCTION 

Wild oat occurs as a common weed in wheat throughout 
North America. In wild oat-infested fields, the weed is as- 
sumed to compete with the crop for moisture, nutrients, 
or light, resulting in reduced crop growth and grain yield. 
Wheat yield losses increase as the density of wild oat increases 
(2, 3, 5). Using wheat grain yield data collected by Bell 
and Nalewaja (2) in North Dakota, and Bowden and Friesen 
(3) in Manitoba, Dew (4) constructed a regression model 
of wheat yields in wild oat-infested fields. Dew's equation 
can be written as 

I= lo-b' \ /wo 

where y' is the yield of wheat expressed as a percentage 
of the expected weed-free yield, wo is the wild oat plant 
density (plants/M2), and b' is a regression coefficient which 
Dew termed an index of competition. Dew reported that 
the index of competition (b') for wheat grown with wild 
oat was 3.39 and was relatively independent of the weed- 
free wheat yield potential (4). Using yield data collected 
from wild oat-infested wheat fields in western Canada, Ham- 
man (7) concluded that Dew's competition index (b') was 
a good predictor of grain loss due to wild oat competition. 

Crop density may also influence weed competition. In- 
creased cereal stand or seeding rate has been shown to decrease 
both weed growth and weed-caused crop loss (6, 8, 9). 

' Received for publication April 27, 1984, and in revised form 
August 31, 1984. 

2Farm Advisor and Superintendent, Tulelake Field Stn., and Ext. 
Agron., Univ. of California, Davis, CA 95616, respectively. 

'Letters following this symbol are a WSSA- approved computer 
code from Important Weeds of the World, 3rd ed., 1983. Available 
from WSSA, 309 West Clark St., Champaign, IL 61820. 

Dew (4) recognized that the failure to account for the effect 
of crop stand on competition was a potential shortcoming 
in his wild oat-competition equation. 

Field experiments were conducted on the University of 
California Tulelake Field Station to measure wheat grain 
yields at various wheat and wild oat plant densities. Regres- 
sion models were developed to account for the combined 
effects of wild oat and wheat densities on the yield of wild 
oat-infested wheat. 

MATERIALS AND METHODS 

Seven field experiments were conducted between 1978 
and 1982. Experiments consisted of replicated field plots 
that were sown with various amounts of wild oat and wheat 
seed. Wild oat plots were established by broadcasting weighed 
amounts of seed over uniform-size plot areas and harrow- 
ing the seed into the soil to a maximum depth of 4 cm. Plots 
were then seeded with weighed amounts of wheat using 
a small grain drill. Spacing between drill rows was 17 cm. 
In one experiment (Experiment 2) wheat was broadcast 
and raked into the soil with the wild oat seed. The wheat 
cultivar used was 'Anza', a short-strawed, hard red spring 
wheat, well adapted to the experimental location. 

Experiments were conducted using a randomized com- 
plete block, split-plot design. Wild oat levels were assigned 
to the main plots and wheat seeding rates to subplots within 
each main plot. Subplots were 1.5 m wide by 6 m long. 
Main plots were 6 m long. Main-plot width varied depending 
on the number of subplot treatments in the experiment. 
To reduce edge effects, wheat-planted borders 1.5 m wide 
were maintained between adjacent main plots. Experimental 
treatments were factorial with each wheat seed rate being 
tested at each wild oat level. In two experiments only one 
crop seeding rate was evaluated. Treatments were replicated 
five times in the first three experiments and four times there- 
after. 

Established wild oat densities varied greatly from experi- 
ment to experiment, from a low density of 3 plants/mi2 
to a high of 300 plants/M2. The large fluctuations between 
experiments were the result of differences in plant emergence 
from year to year. We sought to establish wild oat levels 
that would be low enough to establish economic thresholds 
and high enough to estimate maximum yield loss potential. 
We attempted to keep both wheat and wild oat densities 
within the range of densities commonly found in growers' 
fields. 

All experiments were conducted on an unclassified silty 
clay loam soil with 10% organic matter. The plots were sprin- 
kler irrigated early in the season to help establish plant stands 
and were flood irrigated thereafter. Experimental fields 
were fertilized with ammonium sulfate (67 to 84 kg N/ha) 
broadcast and disked into the soil prior to planting. Broad- 
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leaf weeds were controlled by timely application of 2,4-D 
[(2,4-dichlorophenoxy)acetic acid]. Plots were planted in 
mid-April and harvested in mid-September. 

Wild oat and wheat plants were counted in four 0.1 -im2 

quadrats of each subplot approximately 3 weeks after plant 
emergence. Plant counts were pooled to estimate wild oat 
and wheat plant emergence percentages for each experiment. 
The pooled emergence percentage multiplied by the seed- 
ing density (seed/m2 ) provided the best estimate of plant 
density for each plot. At maturity, wheat grain was har- 
vested from each subplot with a small-plot combine. An 
analysis of variance was performed on the wheat yield data 
from each experiment. Simple linear regression and stepwise 
multiple regression analyses were used to quantitate the 
effects of plant density variables on the combined wheat 
yield averages from all experiments. To facilitate combined 
regression analysis, the grain yields in weedy plots were 
transformed to a percentage of the yields in weed-free con- 
trol plots. 

RESULTS 

The average wheat grain yields in each of the seven field 
experiments are presented in Table 1. Over the range of 
wheat plant densities evaluated, the density of the crop 
had a slight but statistically significant effect on wheat yield. 
The relationship between wheat density and weed-free wheat 
yield was best described by the reciprocal yield regression 
equation reviewed by Wiley and Heath (10), 

= a + b * st w 
where w = the wheat yield per plant, st = the wheat stand 
(plants/m2), and a and b are constants. A form of this re- 
gression equation provided the best estimate of weed-free 
potential yield in each experiment. 

Wheat yields were reduced by wild oat competition in 
all of the experiments. Wheat yields generally declined with 
each increase in wild oat density (Table 1). At the highest 
wild oat density (300 plants/M2 in Experiments 1 and 2), 
wheat yields were reduced by 64%. The regression of wheat 
yield on increased wild oat density was statistically signifi- 
cant at the 1% level in each of the experiments. 

The yield of wheat in wild oat-infested plots increased 
as the crop density increased. The trend toward increased 
crop yield with increased crop density in weed-infested 
plots was highly significant (P = 0.01) in each of the ex- 
periments with varied crop seed rate. 

Stepwise multiple regression analysis was performed on 
yield data from all experiments to develop a descriptive 
equation for the effect of weed and crop densities on crop 
yield. The yields of wheat from weed-infested plots, ex- 
pressed as a percentage of the yield from uninfested control 
plots, were regressed against the following plant density 
variables and their squares: wheat density (st), wild oat density 
(wo), and the ratio of weed to crop density (wo/st). The 
resultant best-fit regression equation was 

y' = 100-0.303 wo + 0.000948 wo2 -0.093 st (1) 
+ 0.000121 st2 -53.11 (wo/st) + 13.91 (wo/st)2 

where wo and st equal the respective plant densities of wild 
oat and wheat in plants/rn2. Each variable in the above 
equation added significantly to the regression fit. All partial 
regression coefficients were significantly different from 

Table 1. Average wheat grain yields attained in seven experiments 
with varied wheat and wild oat densities. 

Wheat yield 

Wheat density (plant/M2) yield at each 
Wild oat density 145 290 43 5 wild oat level 

(plants/m2') (kg/ha) 

Experiment 1 (1978)a 
0 6330 6100 6960 6460 

38 3340 3990 4750 4030 
75 2030 3270 3480 2930 

150 2330 2460 3520 2770 
300 2250 2290 2470 2340 

Average yield at 
each wheat density: 3260 3620 4240 

LSD 0.05: wild oat level = 500; wheat density = 410; all treatment 
comparisons = 920. 

Wheat yield 
Wheat destAverage wheat 

Wheat density (plant/rn2) yield at each 
Wild oat density 113 226 339 wild oat level 

(plants/mr2) (kg/ha) 

Experiment 2 (1 978b broadcast planted) 
0 5620 6140 6000 5920 

38 2620 4400 4200 3740 
75 2400 2880 3600 2960 

150 2140 2430 3100 2550 
300 1900 1990 2350 2080 

Average yield at 
each wheat density: 2940 3570 3850 

LSD 0.05: wild oat level = 500; wheat density = 340; all treatrnent 
comparisons = 770. 

Wheat yield 

Wheat density (plant/M2) yield at each 

Wild oat density 175 350 525 700 wild oat level 

(plants/m2') (kg/ha) 

Experiment 3 (1979) 
0 8150 8180 8990 8310 8410 
6 7650 7770 8770 8490 8170 

15 6890 7740 7950 8140 7680 
23 5750 7070 6930 7670 6860 
32 4580 6130 6390 7220 6180 
41 4160 5950 6760 6700 5970 

Average yield at 
each wheat density: 6200 7140 7630 7800 

LSD 0.05: wild oat level = 360; wheat density = 270; all treatnent 
comparisons = 660. 

(continued) 
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Table 1. (continued) Average wheat grain yields attained in seven ex- 
periments with varied wheat and wild oat densities. 

Wheat yield 

Wheat density (plant/m2') yield at each 

Wild oat density 175 350 525 700 wild oat level 

(plants/mrn) (kg/ha) 

Experiment 4 (1980) 
0 6800 7470 7860 7930 7520 
4 5710 6780 7120 7020 6660 
8 5490 6140 5910 6850 6100 

16 4210 4920 5680 5980 5180 
32 2940 3880 4530 5130 4120 

Average yield at 
each wheat density: 5030 5840 6220 6580 

LSD 0.05: wild oat level = 300; wheat density = 220; all treatment 
comparisons = 660. 

Wheat yield 
Average wheat 

Wheat density (plant/rn2) yield at each 

Wild oat density 285 wild oat level 

(plants/M2) (kg/ha) 

Experiment 5 (1981) 
3 4370 
9 4120 

18 3570 
42 3300 

100 2260 

LSD 0.05 700 

Wheat yield 
Average wheat 

Wheat density (plant/rn2) yield at each 

Wild oat density 226 wild oat level 

(plants/m2') (kg/ha) 

Experiment 6 (1978c) 
0 6240 
4 4250 
7 3390 

12 3430 
25 2320 

LSD 0.05 1330 

Wheat yield 

Wheat density (plant/M2) yield at each 

Wild oat density 180 360 wild oat level 

(plants/M2) (kg/ha) 

Experiment 7 (1982) 
0 6740 6810 6780 
3 5840 6440 6140 
8 4920 5250 5080 

20 4240 5300 4770 
50 2400 3390 2900 

Average yield at 
each wheat density: 8430 5440 

LSD 0.05: wild oat level = 540; wheat density = 350; all treatment 
comparisons = 730. 

zero at the 1% level. Inclusion of the interaction variable 
(wo/st) resulted in a better regression fit than did the use 
of the more traditional interaction variable (wo x st). 
Variables are listed in the order they were entered into the 
regression by the stepwise regression procedure. The co- 
efficient of determination (R2) for this regression equation 
was 0.939. 

A simpler, yet comparably fitting, regression equation 
resulted when relative yield was regressed against the density 
of weeds (wo) relative to the total plant density (wo + st). 
The resulting regression equation was 

y = 100-310 RW + 341 RW2 (2) 
where RW = wo 

wo + St 

The R2 value for Equation 2 was 0.933. The relative weed 
density (RW) was found to be the single most useful plant 
density variable for describing wheat yield response to wild 
oat. After accounting for the effects of relative weed density 
(RW), inclusion of other plant density variables did not 
significantly improve the regression fit. 

The combined yield data also were evaluated using the 
linear regression equation described by Dew (4). The best- 
fit equation was 

y' = 100 - 4.73 / wo (3) 

where wo is the density of wild oat (plants/mi2) and the 
regression coefficient is equivalent to the index of com- 
petition (b') as defined by Dew. The coefficient of determi- 
nation (R2) for this equation was 0.909 and the confidence 
limits for b' were 4.73 ? 0.34 (P = 0.05). 

The linear regression fit was improved when the wild 
oat density (wo) was transformed to relative weed density 
(RW). The best-fit linear regression equation using the square 
root of relative weed density was 

y' -100-96.46 1 RW (4) 

The coefficient of determination (R2) for Equation 4 was 
0.948 with confidence limits for the regression coefficient 
of 96.46 ? 4.64 (P = 0.05). 

All of the yield equations presented above (Equations 1 
to 4) provided reasonably good fits to the experimental 
yield data (R2 values from 0.909 to 0.948). These equations 
can be used to compare the results of our experiments with 
weed crop density equations of a similar form published 
elsewhere. However, Equation 1 is complex and Equations 2, 
3, and 4 tended to systematically over- or underestimate 
wheat yields in the mid to high wild oat density ranges. 
A nonlinear equation using the relative density of wild oat 
(RW) as the dependent variable was found to provide the 
best fit to the combined yield data. This equation was 

y = 100- [83.5 RW/(0.164 + RW)] (5) 

The coefficient of determination (R2 ) for this expression 
was 0.951. The regression curve is plotted along with the 
combined average yield data in Figure 1. 

DISCUSSION 

A review of the literature and these data indicate that 

178 Volume 33, Issue 2 (March), 1985 

This content downloaded from 139.184.14.159 on Wed, 30 Sep 2015 23:11:17 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


WEED SCIENCE 

100 

- 80 X.. 100 0.164 + RW 

>_ 
60 . | <R2 0.951 60 * 

LuJ 

uj 40 - 
0 

J 

cr 20 - 

. ..p| I I I 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 
RELATIVE WILD OAT DENSITY (RW) 

RW = WO ST + WO- 

Figure 1. Relative wheat yields as a function of the relative density 
of wild oat in the total plant stand (RW). Yields are expressed as 
a percentage of yields attained in uninfested controls. WO = wild oat 
density (plants/m2') and ST = wheat stand (plants/m2'). 

the expected yield of wheat infested with wild oat is a func- 
tion of the plant density of both the crop and the weed. 
In Figure 2, expected wheat yields (from Equation 5) are 
plotted as a response surface to increasing wild oat and 
wheat densities. Wheat yields declined rapidly as the density 
of wild oat increased, while they increased as the crop density 
increased. 
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Figure 2. Expected relative wheat yields (calculated from Equation 5) 
plotted as a function of wheat and wild oat plant densities. 

Slices through the crop yield response surface illustrate 
the effect of wheat density on the intensity of wild oat com- 
petition (Figure 3). Wheat yields declined much more strongly 
in response to wild oat pressure at a low crop density than at 
higher crop densities. As illustrated in Figure 3, a wild oat 
infestation of 5.5 plants/M2 would result in a 20% reduction 
in grain yield if a relatively poor crop stand of 100 plants/mi2 
were attained. It would take an infestation of 38 wild oat 
plants/m2 to produce the same percentage yield reduction 
with a heavy crop stand of 700 wheat plants/m2. Over the 
range of wheat and wild oat densities tested, an increase 
in wheat density caused a proportionate increase in the num- 
ber of wild oat plants required to produce a given percentage 
loss in yield. Thus, doubling the crop stand doubled the 
number of wild oats needed to produce a given percentage 
loss in yield. 

To evaluate the effectiveness of increased crop density 
in reducing wild oat competition, we took the partial de- 
rivative of expected relative yield in Equation 5 with respect 
to stand ay' . The resulting equation 

ast 

ay' = 13.73 RW2 (6) 

ast wo (0.164 + RW)2 

describes the expected percentage change in relative yield 
per unit change in wheat density. In Figure 4 this function 
is plotted as a response surface to varied wild oat and wheat 
plant densities. As plotted, the y-axis is the percentage in- 
crease in wheat grain yield expected from a 10 plant/M2 
increase in wheat density. Figure 4 shows that the effec- 
tiveness of increasing crop stand to decrease yield loss is 
dependent on the level of both weed and crop densities. 
Increasing crop density had the greatest effect on yield when 
crop and weed densities were low to moderate. Conversely, 
increasing crop density had the least effect on yield when 
crop stands were high, or when wild oat pressures were ex- 

80 
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,,, 40 - ] ffi ST= 100/mr 
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Figure 3. Expected relative wheat yield response to increasing wild 
oat density illustrated for three wheat stand densities (ST) (calcu- 
lated from Equation 5). 
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treme. At least with moderate weed density levels (below 
200 plants/mr2) the grower practice of using elevated seeding 
rates in wild oat-infested fields would appear to be justified. 
High seeding rates can be viewed as insurance against the 
extreme yield losses that occur with poor crop stands. Even 
if wild oat densities are reduced through the use of a herbi- 
cide, increased seeding rates may be beneficial, since the 
yield benefit due to increased crop stand is maximal at rela- 
tively low wild oat densities (Figure 4). 

The calculation of Dew's index of competition for our 
data (Equation 3) suggests that wild oat in our studies was 
much more competitive against wheat than the wild oat in 
studies reported by Bowden and Friesen (3), Bell and Nale- 
waja (2), and Hamman (7). The index of competition for 
wild oat in wheat in our experiments was 4.73 ? 0.34. Dew 
(4) calculated the competition index for wild oats in wheat 
in experiments in South Dakota and in Manitoba to be 3.39. 

There are several plausible explanations for the observed 
differences in wild oat competition between these studies 
at Tulelake and the South Dakota and Canadian studies. 
Firstly, the wheat cultivar Anza used in the Tulelake studies 
is a short-statured wheat that may not be as competitive 
against wild oat as the taller spring wheat varieties used in 
the other studies. Appleby (1) found that taller wheat varieties 
tended to be less affected by Italian ryegrass (Lolium multi- 

florum Lam. # LOLMU) competition than were shorter 
varieties. Secondly, the cultural practices used in the two 
sets of experiments were different. The wheat in the South 
Dakota and Manitoba experiments was rain fed and received 
either a relatively small amount or no preplant fertilization. 
Our experiments, on the other hand, were fertilized with 
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Figure 4. Expected relative increase in wheat yield (from Equation 6) 
with a 10 plant/rn2 increase in wheat plant density. 

moderately high rates of preplant nitrogen and were irri- 
gated for maximum yield. Our unpublished data strongly 
indicate that nitrogen fertilization can increase wild oat 
competition with wheat and it is possible that increased 
available moisture might have a similar effect. Other cul- 
tural or environmental differences between the experiments 
may also have affected the competitive abilities of the weed 
or the crop. It is also possible that the wild oat plants en- 
countered in different locations represent local biotypes 
with varied competitive abilities. 

The wheat yields observed in several wild oat experiments 
at Tulelake, over a 5-yr period, were described well by a 
single regression equation (Equation 5). This relative con- 
sistency of wild oat competition, in our experiments, tends 
to support Dew's contention (4) that the competitiveness 
of wild oat in wheat is largely independent of the weed-free 
wheat yield potential. On the other hand, the fact that wild 
oat competition was much greater in our experiments than 
in the other experiments cited suggests that weed biotype 
and/or environmental conditions may alter the competitive- 
ness of wild oat in wheat. 

Crop seeding rate (i.e., stand) is one cultural factor that 
needs to be considered in a description of wild oat competi- 
tion with wheat. The inclusion of wheat density as a com- 
petitive factor significantly improved the fit of all regression 
models tested on our data (Equations 1 to 5). Unfortunately, 
crop density values were not available for the data reviewed 
by Dew (4) or Hamman (7); thus, any improvement afforded 
by including crop density in their yield descriptions could 
not be evaluated. 

Wheat yields in our experiments were best described 
by a nonlinear regression equation (Equation 5) using the 
relative density of wild oat in the weed-crop stand (RW) 
as the dependent variable. This equation and others pre- 
sented here can be used to estimate yield losses from varied 
levels of wild oat infestation. Such yield loss estimates may 
be used to evaluate the economic cost of weeds or the eco- 
nomic benefit of a herbicide application. The economic 
feasibility of increasing seeding rates to reduce weed-caused 
crop loss may also be evaluated. The equations presented 
can be used to compare competitiveness of wild oat in various 
crops, as has been done by Dew (4), or to compare wild oat 
competition in wheat in different locations or in different 
cropping systems (e.g., Tulelake vs. South Dakota or Canada). 
The equations may also be used as a starting point for further 
studies on the effect of environmental factors or cultural 
practices on the competitiveness of wild oat against the 
crop. 
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